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ABSTACT 

The present work aims to find out the Deformation, Stresses, Shear Elastic Strain 
and Strain Energy at different points of an industrial robot to determine it ’s the safety 
factor by using Finite Element Method (FEM). Six axis industrial robots are generally 
used in industries for various production works such as pick and place and for 
different operations. So it needs to be properly designed. The model of robot is 
established using the ANSYS software and finite element analysis is done. Different 
values of typical gripper loads are applied, and values at different conditions are 
compared to find out the weak parts, so further design improvement can be done. 
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1. INTRODUCTION 

Six axis industrial robots are manufactured to industrial standards for training, research and 
industrial purposes. It is used for various purposes in industries for various works. The main 
objective of structural design is to produce structures capable of resisting applied load without 
failure. Improper designed of fabricated structures will fail if the applied load exceeds the 
design specification which may cause various problems in industries. So a well-designed 
structure will greatly minimize the cost of failure. 

Deformation and Stress analysis are the primary task in designing the structure such as 
industrial robots. These are needed for the maintenance and investigation of such structural 
failure. There are many methods to determine stress in structures subjected to various loads 
applied. It is required to investigate the stability, strength and rigidity of structures. 

(Chitte et al.) analyzed the weight of Six axis ARISTO robot structure for minimizing its 
structural deformations on directions Ox, Oy, Oz in order to improve the stiffness, on the 
basis of calculus of the loading forces applied in a static study. (Gasparetto et al.) analyzed a 
method and modeling has been done on industrial robots of low weight based on rigid link 
system approach. Based on the finite element method (Ghiorghe,) determined the optimum 
values for the design parameters considering the criteria of reducing the material used to build 
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the robot. (Hardeman et al.,) used finite element method to derive dynamic equations of 
motions that suitable to simulation and identification. (Ying Huang et al.,) analog simulation 
experiment is conducted using finite element analysis. (Jeevan and Rao) is performed for 
analysis the structural parameters and found that the circular shaped sustains more vibrations 
than square shaped robot arm structures. . (Kumar et al.) analyzed femur bone to get natural 
vibration, frequencies, modes and to know the fracture location in the bone through 
simulation using FEA and they compared the results with experimental results. (Kumar and 
Sambaiah,) they analyzed the robot to put an object in right location with correct amount of 
force and torque at right time using FEA. (Nor et al.) performed stress analysis , modeled and 
simulated an actual low loader structure and determined maximum deflection and high stress 
value by the use of FEA. (Pachaiyappan et al.) analyzed the articulated robot arm taking into 
account the various critical loads acting on the base arm using a commercially available 
analysis tool, ANSYS. (Ristea,) analyzed the differences between composite substance and 
aluminum for designing the robot. The control system for a motorized robot arm has been 
designed. (Zhang and Cai,) proposed a method of compensation based on the error model 
with the 6-axis robot’s parameters of kinematic structure and the joint angle and found that 
the main factor of the dynamic error is the deformation of the connecting rods. (Wang and 
Chen) investigated the mechanical casting defect of entrapped air bubble against static and 
fatigue strength by practical experiment and FEM model.(Yadav et al.) analyzed the robot 
pedestal using ANSYS and found that the natural frequency of the pedestal is minimum at 
first mode and maximum at sixth mode. 

2. EXPERIMENTAL ANALYSIS 

The different parts or members of 6 axis industrial robots are base, link, shoulder, elbow, 
wrist, Pitch and roll is shown in figure 1. Each and every member are having different range of 
motions. 



Base 


Link Shoulder Elbow 



Wrist Pitch Roll 


Figure 1 CATIA Models of the members of 6 axis industrial robot 

Base is also called as waist. Being the first axis can revolve from 90 ° to 250°. It is the 
lowest or supporting part or structure of the robot. Shoulder is the second axis, it can play 
between -45° & -90° which will help the robot to moves in forward and backward. Elbow is 
the third axis, plays between 45° & 115° providing up and down movement for picking the 
object. Wrist is the fourth axis which can perform rotation from 0° to 340°.An angle of -90° to 
90° can be obtained from this fifth axis called pitch which makes the robot flexible enough to 
pick ‘n place the objects. Roll is the small additional wrist in place of sixth axis will revolve 
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from 0° to 340°, which gives much more flexibility to handle job-oriented objects. The robot 
assebly cosist of members or parts is shown in figure 2. 



2.1. The Finite Element Model Analysis by ANSYS 

First of all the model geometry of robot manipulator is prepared using CATIA V5 software 
which is used to establish three dimensional model. Then it is imported from CATIA to 
ANSYS workbench for FE analysis. Through the software interface the data exchange of the 
model is imported to the ANSYS. Structural steel is taken as the material of robot body as this 
type of six axis industrial robot is to be fixed on the floor while doing different operations. All 
nodes at the base were constrained in all directions. Proper material, weight factor and mesh 
size are taken for the FE modeling and analysis and loads are applied to the gripper. The mesh 
size is taken as 0.01. 

In this analysis eight different gripper loads are considered starting from 0.5 N to 125 N, 
which are applied to the end effectors of gripper. The structure is tested to a static analysis in 
order to obtain total deformation, shear stress, shear strain and strain energy. 

3. RESULT AND INTERPRETATIONS 

The total deformation, maximum shear stress, maximum shear elastic strain and strain energy 
for eight different loads applied to the gripper are given in Table. 1 below. 


Table 1 Values of deformation, stress, strain and strain energy on different loading conditions 


SI no. 

Gripper 

loads(N) 

Total 

deformation 

(mm) 

maximum 

Shear 

Stress(Pa) 

Maximum 
Shear elastic 
Strain(m/m) 

Strain 

Energy(J) 

1 

0.5 

5.270 le 7 

42425 

5.5152e-007 

4.1274e-010 

2 

2.5 

2.635e- 6 

2.1212e+005 

2.7576e-006 

1.0319e-008 

3 

5 

5.270e- 6 

4.2425e+005 

5.5152e-006 

4.1274e-008 

4 

25 

2.635e- 5 

2.1212e+006 

2.7576e-005 

1.0319e-006 

5 

50 

5.2701 e- 5 

4.2425e+006 

5.5152e-005 

4.1274e-006 

6 

75 

7.9052 e- 5 

6.3637e+006 

8.2728e-005 

9.2867e-006 

7 

100 

0.0001054 

8.485e+006 

1.103e-004 

1.651e-005 

8 

125 

0.00013175 

1.0606e+007 

1.3788e-004 

2.5796e-005 
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Static analysis is important to asses the total deformation in order to know the safety 
factor of the structure.. Total deformation of robot model structure for gripping load of 0.5 N 
and 125 N is shown in Figure 3. The dark blue colour indicate the lowest value of 
deformation, light blue colour shows lower value of deformatin, yellow colour indicate higer 
value of deformation and red colour shows the highest value of deformation which is shown 
in the left side of the figure. From the figure it is seen that the lowest deformation is found at 
the base of robot and the highest deformation occurred near the gripper. 


A: Static Structural 

Total Deformation 
Type: Total Deformation 
Unit: m 

10/10/2015 14:09 

B 3.0658e-6 
3.0658e-6 
3.0658e-6 
3.0658e-6 
3.0658e-6 
3.0658e-6 
2.7251e-6 
2.3845e-6 
2.0439e-6 
1.7032e-6 
1.3626e-6 
1.0219e-6 
5.2701e-7 Max 
O Min 



A: Static Structural 

Total Deformation 
Type: Total Deformation 
Unit: m 

12/10/2015 16:43 


H O.OOOI 31 75 Max 

0.00010602 

8.0278e-5 


5.4541 e-5 
2.8803e-5 


3.0658e-6 

2.7251e-6 


2.3845e-6 

2.0439e-6 


1.7032e-6 

1.3626e-6 

1.0219e-6 

6.8129e-7 


3.4064e-7 

OMin 



(a) 


(b) 


Figure 3 Total deformation of robot model structure (a) gripping load of 0.5 N (b) gripping load of 

125 N 

It is observed from the analysis that the deformation increases as the applied load to the 
gripper increases. From the different colour of the model it is seen that for force value of 0.5 
N the model is totally blue in colour, that means it is the safest load that can be applied to the 
robot but for 125 N the maximum deformation is found which is seen as red colour near the 
gripper. 


A: Static Structural A: Static Structural 

Maximum Shear Stress Maximum Shear Stress 



(a) 


(b) 


Figure 4 Shear Stress of robot model structure (a) gripping load of 0.5 N (b) gripping load of 125 N 

Shear Stress of robot model structure for gripping load of 0.5 N and 125 N is shown in 
figure 4 and it is found that for load of 125 N the stress value is much more than for load of 
0.5 N. 
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(a) 


(b) 


Figure 5 Shear Elastic Strain of robot model structure (a) gripping load of 0.5 N (b) gripping load of 

125 N 


It is seen in figure 5 that as the load increases the shear elastic strain value increases and 
the maximum value is shown in red colour and the minimum value is shown by blue colour in 
colour scale which is at the left side of the figure. 


3.6688e-10 
3.2102e-10 
2.751 6e-10 
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9.1721e-11 
4.586e-11 
2.1 553e-32 M 



0.250 0.200 


(a) 


(b) 


Figure 6 Strain Energy of robot model structure (a) gripping load of 0.5 N (b) gripping load of 125 N 


Strain energy gives the idea of failure of a structure when strain energy per unit volume 
reaches the failure value of strain energy for that given structure. The strain energy values are 
shown in figure 6 for 0.5 N and 125 N force, where it is maximum for 125N force. 
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Load Vs Shear Elastic Strain 
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Figure 7 Graphical Presentation (a) Load Vs deformation (b) Load Vs Shear Stress (c) Load Vs Shear 

Elastic Strain (d) Load Vs Strain Energy 


4. CONLUSION 

The current research aimed to reduce the weight of the structure and minimizing its structural 
deformations to improve the stiffness, on the basis of the loading forces applied in a static 
study. Some variants may be chosen from better shape, weight, stiffness, static and dynamic 
behavior. 

The results obtained from the finite element analysis with mesh size of 0.01 are 
considerably good where investigation on maximum deformation, maximum stress and 
maximum strain is well done. The implementation of a FE based model is very much needed 
to simulate the behavior of an industrial robot. In this manner, from FEM the knowledge of 
maximum values of the factors which may lead to failure of the structure can be avoided in 
some later point in time. 
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